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Abstract To deliver multimedia data, the periodic real-time delivery and large network bandwidth

are required. However, common networks such as Internet cannot guarantee these requirements. Thus,

in order o provide satisfuctory multimedia application service, the mechanism which can transmit data
effectively even with dynamic network bandwidth change is required. The efficient buffer management
technique is a selution for the delivery of mulumedia data on common networks. These buffer

management techniques are classified inte two approaches: one is adapling the changes in network
load and the other is smoothing the bandwidth requirement. The former may occur ithe serious loss
of service quality and the latter cannot be adapted to the dynamic network condition. In this paper we
propose a handwidth adaptive smoothing which is adaptive to the dynamic networks and also supports

better quality of service by smoothing the bandwidth requirement. Simulation results with a
prerecorded MPEG video show that the quality of video delivered is improved with the proposed

technique,
1.MEB

AR ez WE SHos AHR AR
A ek delmtle] Mulart sbssidl =9 d@at
e} FE4 Hde e Pebel g4& 13

B dFE FREFMATIEIA™E C1-1909-1239-00), 85
gk YA S KOSEFS7-0102-05-01-3, KOSERY7-01-00-12-
01-5), &Y BKIZAHZ: 99103100118 FHez 7L

tergHe: FAuew AnIoin
hermess@unitelcokr
tt ZuEe s Fejdgae Hife et ay
rhanhad cs. hongik.ac kr
tHt g9l o AFEAYD ag
hojunge@cs kwangwoon.ac.kr
EEAS 20008 29 79
AxghE - 2000d 69 29

g HEE AP JgExs aydch et 2yl
ga] TCH/IPE 7|4t 2 gz dikEgl YEfzZE 5
7142 HAgel} a7 dEE ¥ BHgEA Eg)
uEba], FH YEHIZ F7HcA dEnde] Eege
BEMAQ A4S 9T A Wdoz BHE AlgslR
thoe] 7HAl S9e| we "@ee] gg drFge] Wakd
Fed, olgjg Arze A 53 FaA Aol(dynamic
quality adjustment)®} 44 HWEH(static smoothing)
2 ol 53 E2 Ale] (013 DRA) ZIHE U
Eflze] 78 tige] A olojele) A& Aot
YEHNZ Fale] Walel LML, 2, 3). 9, AHH
s (olat 59 71HE ] delsl FER ¢4
FEoE HHE dioelg dHAss wHeE HE



Belolcle] 152 A Lol AAE P )y

g dHolelg 2447 HEFCe] dHelgy a7 dig
= H¥slgci4, 5.

DQAE Hukalen 289l S8 AEHT ¢ 7Y
& &4 dizf=e] A 45 Hd dEN2E
EuEHstn 2o yhgate] 7S tjd e wA <]
Ele] 2HE Aojgtt DQAE vEY=9 AH AAS
Al HHE ALEetS ¥ 93] MU= 43 8
T d9gE HgslE s AMgElale ebskoh VIC[H,
continuous  media  toolkit[2], quarsar's adaptive
streaming video player[3]°] DQA2] £& do|u} o
A A5 71 vEHI A4l wlel 87 digF
ZaAA17] &l diolete] A& AP 84T
A EA Aejgteza] gzgk Mul2 Fdo &4
de £ vk v S5 exeiel FHZ vield)
71H-& W% BEslE 53 HEad Muls 4
+45 2tk SSE gueldE wHe At A
Fg delrre) dHelel2iy 48 4 gle ARE B
Hate] =Yg wstE FHAryeles ALAYE +
Q3 Critical bandwidth  allocation{d] ¥ optimal
smoothing algorithm[35]7F $52] oot e} 88&
HES =z e &sta] Z3ich Egleoldlere] A
Fa A ol AF AYE U7l dFD vlES
A9 A7t wAEA HdE vHY AZER$E 2
sta Zete|dE S A)Ye) Bries)d $% gl

B =@dAMe 8 WEYI HEsiAA a7 o
AF o] HH;SE B v U2 Myl EHE A FE=
Hg4d = 298¢ dg¥E HEgsh 7]¥(bandwidth
adaptive smoothing, ©]3} BAS)E g3 Aok
BASE 71€9 7IHMET 9E F 7R FHL siAa
ok A, BASE 3 9298 AN 718 9
T2 7pekel HEs MY, 612 UESZR 448 2y
82 % uAHH =7 JAxsE AHREr] died )
Ef)a Fate| wsld 23] Eith vhH BASE
WELZ deol wet T3 Ax$e ZE AYT
th. &4, BAS®] ZEoldE HHE WIEYz A
HSART oflet 9 tige HBIE A AEF
th EolRlE b= F dYoz e § BREL
DQA% f#oj HEYAR Aed hulste] AA4E )
AREEEE UmRl BR L SSe) o] didE HE3sls
& AREETt Tl HE A Eeh oje} vlelekE Hfste
Bl WEQZY AEyt GAUE, BASE A€ 9
e vl fls oE e AHAF dolelE
Egch vpAgte g BASE 2219 Aolx A% Ag

FYsty] sl DEw] FRE ALEFT 7]E9

o 2 g wo me

tlo

o1
bg

S5 xRl HE AYLS FHstr] WEH A=
¥ YRS Haw &A @42 ®w9 ohvzgr 54 WES
A §73S & A fgstA| ot
B oeRs dga gel FAHC Atk PddixE
BAS 712 st Uxelgol el 7isahar 3734
=AY 2AE EYsY niAgez 43eM = dED
o :

2. Bandwidth Adaptive Smoothing 7|

BASAIAH2 38 1649 Ze] Mo Zof 53 ¢
L8g Feolde o 3 s A sld =
A 2l AedA AR A AES rHET HE
Tadh HEg A%g F2stn o] AF z3lodAd 55
AL +E o8¢ HAR HEHE 5 AE Ady
H g dEY= e g2 53 e d9 9

Cisk Sub System

RSl S

+——  Sliding
Window

Set-top Box

3% 1 BAS Al2d 24

X1 7% Fe
W CEA PR AR A a7
@ C s el §
o C =g Are F7te
Lit) : ZolelglE 9 FA dolgl AR

Urt) o gEleldEe] A A

e Ag dE

DA A e

CEE A

DA B &%

A HE E£E S7HE

» EaloldEe] um A7

» Zeleolols wHe] HEs g ar
 EgteiRlE e A 9y 27)

D s o9 Ao FoF

A EFTR Y B




524 FEAEs =R AREA A 7@ Al 4 22000.12)

Bl diete] dgge) vpARez AE Filo Fo
A gdpelFel 2 Aagle F3E Jich ¥ 1
AdnzlE AL A3 7|28 Holsidd.

2.1 =2alo) H§st Aok

BAS Myy dlejelg] AFel ¢A FeleldE WA
o dHelelgd HAHAsl= Wyez g Hewdol
dlojete] a7 dge @4 HAHE #Hgsld o
A mejel Alolz Fo] HElnt]e] dofelell ot At
Auel Zepoldle Wue] =7 7|E3sle] HEE o
o} <Fol Ata) shal Aeg Adsich 2, o F
Aok 2AL 7122 slo dojety FIEE HiEE
2 A% A"8L FEARG, 6, 7.0 =1, 2 ..., N
9l Q) 7} f; vlo]Eelqn N Eyle s 4P HlT
2 2E=do] vt 71AEAl HA 2EHE A A
Fse] du YESAS Fuh FeolHE WHE HE
Hih 2+ A7 99E 0 ZHYe) E-w4 T e
H8dhs 1/302E 7Pgstt o), FEle]ERS] A
EHol AL alM AMME 4 (DA Rie] Azt

Le=01,..., N (LD) = 0) sbe] ZetoldE WA
o AUEREE S Lol Hddeict B

L= 3. M

olF& L(G) = Dol r = 1,2, ..., N]l 7R &

zg dolele] kg uvepdrh Wi WHeE Foje]
AE BHe 2HERLE AT Holele] £4d& 2y
2 FeteldExw 2 (2)eA BREo] U oldE B
olA= gttt
WH=L(t—1)+ B, (2)
ujzbs dejele] &4 gl AdE A dE AR
S5 4 (313 o) Ur)ek Lig)Atolell vlEo]of Sk
LN<S,<p 3
JEy AlIGHE BASE 2] el BEs 7Y
otk e xekgl Hest ZIYe] FE vEMA diYd
g na glel viHe] Auel A Helnited dof
e FBE o|&sla HHe HFH AHE VEAT
28 Ao HEs rRe HEg Aee H2E e
e} delels] FRWa olule} WEg = e of
g nEzE Dasich AR HESAY e E 4F
& 4 17 W Ed AR @A dEn| T telele]
HARE o] &std #p AYE YL + gk
ajely galet AddelAle] Zelmlde] Muie |
AFE ARG 7HAR delere] XS HI e
az22 BASHA AE AlYE +3E7 HEMe 9

o AAE F HEd A 2AE 2 Ao A
;| Aok it
A 1. <t Y ofHAZF roflA] v Apole) L2819
s AL L, )= D - DU, t)= L’
{r, 0 -1+ BE B30 58 JF AHL L
{r. ) <8%r, ) S Ur, )& WEdfojof 3t}
F9: W 2709 dx$e dAf AF Adgs A8 A
A NzZH: neElal d4EHd QS HE SooldE
of Haslolel & wHolele] W& Jehl= £3 HAl
WE A= (A0 Ay .., Aw}, 54 dojele] Y&
vdetdle 38 A HE D = {IDy, Dy, .. Dwle}
T &z, WAk A8 shE Axge] W AE A
& gd A AIZHE dWE QYT o o), O&
o & W Az HHE sl fEge dAs AY 7Y
& SGEA Mels W o- dW) olddl W Tt A4
4 98] "ad ZE dolele) AEE Eo} gt 1
oz D9 AE 2tz AT oA Agsojel & ool
el w3 HEFg A Pad rH Hxolgn
s Aw £ Du - awt Holol S22 Al 0 < i
< W - dW) AW, D = maxAw /(W - d(W’'))
XL AVHEDR W -dW) < < W dd D=
Awrl 8 #Holtk wehr, o]& o83t r < ¢ Y |
o™ A7t £ RE 7R A2E 2eped e H3ds
Ak,
L{r,)=D,—D, @
st
Ulr,=L(r,t—1)+ B, (5)
7 Hoor o<t o9 Azt relA ¢ AAY fFEH
g 2819 A A S, e B L @
7% 4 Uk
O L7, =S (e, 0H<U (7.0 (6)
2.2 % aIlo|g =28 Ol mEst
Aol B3 Ar9E o < WY o WE oy
o] SHEA B FTF HE AgE FHYUL o
dnelEe o evitd AL A £YH] wWid &
gloldela] G dut Axed) sia] HF W/ o)
HINE A AF gye] "ashh oo 9l A4
o2 JESaY H3E neq gtgdild #HEY e
A AL Y 5 glon, Y=L HAE e
dolele] 942 o §2 BEs ANE Vel &
Zeldd ZQl ox 23 o3 717 E&FHo2 uheEA
W/ 28] 3-& AHEFTHs, 7).
71E4] A¢tE &Stolyd 9= UEHIY A el



HEHTe] A A% &3 WRE HEd Ay

Slow-start
I1F 2 BAS A Wdx

#HAge] 2717 mAH] dglon) BASY 3 e
old fimsi= V&Y HE e g2dA Jed=
o] Aellel mia} =r]7} wEkdch BAS d3elgEe
ol ERRE D=9 PEE Yol EYZY JuE
d&3l=d #FFE TCPI8IY SCP{(Streaming Control
Protocol)[9] 9 o] HEH =12l AEHE initial state,
congeslion state, slow-start state, steady state® %
o|skal 2} Aejd] ule} 9=59 Ve FRFGF F, 2
o = HE AYE Yo Y WENz
el ¥ 2o el initial stateolA] AwlE
=S 27 wel A4 £E & 27] dF oz 4
ARh congestion stutes ZFEPOl|UE wlH e A
ol YER S e el AE] ol Belsie g
£ o initial statev} steady stateZ2FRE] Alzglc)
(g 22] Mol 13} 5). congestion statedl]| A& =52}
Z7l We W /28 So|u A EE s=5+5 x g
2 dyget fleg-e] 307 ghe g &7 9] A
ZEe] wlistA gD Ag H271 T4l e}
HH 2 2] A7t 753510} congestion state®]A] AW
= B2 4Ry Avs) Af SEUE aa vl of
9 slow-start statcZ ‘doj7tKad 29 o] 2),
slow-start statedliA} MBlE 9455 27 Wel A% £
= 5§ &7 99 ¥ 22 Az PNE7) A% A
ot Me= FEelIE vine] Y83 39 27) 5.9
Z71e B3 MAE 958 arv] Wi Sl o
W =R 27 Wrt 27 4" g EerAd
slow-start state® PFA I initial stae® gol7icH
28] He] 3). 9=49] Frtg & delv|tle} do|g
9] 5A¢] webAHT) steady states HEHT 2] 4
H7h ek A AL 27 delmSE Alatdoay 29
Aol 4). o] HHelrs o He F92 ddes HY
315 Almale] dH Aul FAE 2] 98 Ao
e AZE FIFAZICE AU f9=F FrF Avle F8e)
AE e Beg dodo A Hr7 v g4 94
AT A 2nelEe # 29 YR
A7lA 3 9=F 2v)e] Wsle] wEk EEield A

o]
[3&)
331

It ko) miyol A% A8 Alsh F717b vlHA H
th 22ht old wpE eWsl=E HEe] fih

A9 2. Nz yes shE HER WE o835
of Hé AL Al §E LHE=Eg Ccafln ¢
W, F4 fE- Zrje wad miep HE AYy Ay
Frizl Wl s FHAFel enlFs wigha] ged

g JAE 488 At ewEs o A5
o =Y o wlEFch Y AWML congestion
state2 Sol7PH fmfo WAst v /2 FHbEe A
4 AQe A 347 2 FrHEA "ok aehd |
E¢ ule =AYy Bl wew hihdky) g o
= ¥4 dlez ZolgA Hrh dAdzez HAHH
ewslEe ¢/ 2 x 2ulg HEe) 3k welM 9=
29 @Y7} HrlEkAG gasiviEke At wixe =
de #E waEy Wi @WAHY enFEde
ko] giet [

HEYI efol] we} = 277 BYHB My
28R g dYFer T4 ATt e RE i
Eb7E AdE 4 oA Halgch U Aol BrlEdt
o e WENZe) Tl otgr) al AEl
ZHES Aol ofFEA Muia FHel AP HolE
g ojgsld e fE5D dF AYE 7H) FAH
HE AYE HellA g 2 6)F FHHES U5
F ok "dE Age dsr) Ss8M AWe 4 s
Gl AAE Lak UF fuksiA ge b 2 U %
7 HHE #E wies Y. 29 38 ds A

£ HEE 4F vepdth A& AlE ¢ =04 Al
s A 7 F4 A4 18 Fed a2y dse o

298 HstE2 A 7R o) 4 gilM A
+8S ErvhrlAelmt ok AfEe) 98 Hidsl
At 2ZHd 28 2 HAT 94 vHe LwER$E
Zelgt), e o)fE2 o H4dg T AnHe
Fatnatste W4 AY S 2@ 39 ol Tl o

=

F 3
3 urt)
Lt}

L 4

2" 3 dE A8 S Y



526 ARAGI =P FEEN A 27 B A 4 2012

%253 dsg v ¢ng

afN

PROCEDURE Dynamic_Window
s’ = sW = W

REPEAT

status = read_feedback:

switch (status} [

case INITIAL :

W = initial_input_valpe,

if (s >s7s = s/ dAF 5% Z708
break;

case CONGESTION :
W=w/2

s=st s+ &N AE HE ST
break;

case SLOW_START :

W =W+ 4

break;

case STEADY :

it (W < W = (B, + &)/ BJ
Wo=W+W=*{F/ By

i wrt ol g oyl WSt
break;

}

UNTIL

END PROCEDURE
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PROCEDURE DYNAMIC_BUFFER
REPEAT

status = Monitor{Clieni. Buffer),
fredback{status) {
switch(status) {

case INTTIAL :

B. = initia!_input_value:
Be=B:.72

= B - B

break;

case CONGESTION -
B.=1./%

B = B. B

break:

case SLOW_START
B.o=B.+ .o« (g /W)

Bi = B - B

hreak;

case STEADY

if (43, < Be v 831

By = Bo+ Dox (g /W)

B = B Bo

/BT A Frhee) olqa, B, 371
}

break:

}

UNTIL

END PRCCEDURE
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